The ability of rats to regulate branched-chain amino acid intakes was investigated by a selfselection feeding method. The relationship amongthe consumption of a branched-chain amino acid (BCAA), valine (Val), leucine (Leu), or isoleucine (He) and the amino acid concentrations in plasma and brain were also studied. Whenweanling rats were offered a choice of two diets containing different level ofVal, Leu, or He, they consumed Val, Leu, or lie ranging from 0.53 to 2.07%, from 0.74 to 3.58%, and from 0.50 to 2.96% of the feed ingested, respectively.
There have been studies on whether rats can regulate the intake of single amino acids by selecting between two solutions containing one or more amino acid(s). 1"3) In this regard, Muramatsu and co-workers demonstrated that when rats were given a choice of two diets containing different amounts of lysine, methionine, phenylalanine, tryptophan, and threonine, they could regulate the intake of these amino acids and could maintain their maximum growth.4~8) The mechanism by which single amino acid intake is regulated in rats is not clear. We showedin previous reports that taste stimuli was not effective in the regulation of threonine selection,8) and that the relationship between phenylalanine or threonine intake and these amino acid concentrations in plasma and brain could not show a commonresult.6'8) In connection with the mechanism of regulation of food intake, numerous reports have shown two different results; the plasma or brain amino acid pattern maycontrol the food intake9~12) or not.13~16) This study was undertaken to find whether rats can regulate BCAA,i.e. Val, Leu, and He, intakes by the self-selection feeding technique.
The relationship between BCAAintakes and amino acid concentrations in plasma and brain was also studied.
MATERIALS AND METHODS
Animals and diets. Male weanlig rats of the Wistar strain,*1 28 days of age, were offered a 25% casein diet for 3 to 4 days before the experiments. They were separated into groups of4 rats for fixed feeding groups and 5 rats for self-selection feeding groups. Rats were individually housed in suspended screen-bottom cages (25 x 18 x 18cm) in a room maintained at 24± 1°C and lighted for 12hr daily (06: 00~18 : 00hr). The compositions of experimental diets are given in Table I weeks. For the self-selection feeding experiments, two diets werekept in opposite corners of the cage and were moved daily to prevent any positional effects. Growth and food intake were recorded daily, and food consumption was measured on a dry matter basis with correction for spillage. The amounts of ingested Val, Leu, or He were calculated from the amounts of food consumed.
Amino acid measurement. When the experimental period was over, rats were anesthetized with ether and blood was obtained in a heparinized tube by heart puncture. Plasma was prepared by centrifugation and deproteinized with an equal volume of 6% sulfosalicilic acid (SSA). The brain was removed and homogenized with 2 volumes of 6%
SSA. Amino acid concentrations in plasma and brain were measured by the same method as in our previous report.7)
RESULTS
Body weight gain, food consumption, and aminoacid intake in rats offered diets containing various amount ofVal, Leu, or He according to the fixed feeding or self-selection feeding method are shown in Tables II, III , and IV. In the Val selection experiment (Table II) , when rats were fed by the fixed feeding method, the rats fed the 10C0.03V, 10C1V, or 10C2V diet grew to the maximumlevel. The rats fed the 10AA0.3V or 10C3V diet grew significantly less, and weight loss was observed in rats fed the diet lacking Val (10AA0V).
Food consumption of rats fed on the 10AA0Vor the 10AA0.3V diet was considerably less than other groups. Whenrats were offered a choice of two diets differing in Val content, there was no difference in the body weight gain and food consumption amongall groups, and was the same levels as those observed in rats fed the 10C0.03V, 10C1V, or 10C2V diet as a fixed diet, with the exception that rats offered a choice of the 10AA0.3V and 10C2V or 10C3V diet grew and ate significantly less.
In the fixed feeding groups of the Leu selection experiment (Table III) , the growth of rats fed the IOC, 10C1L, 10C2L, 10C3L, or 10C5Ldiet was the maximumlevel. The rats fed the 10AA0.37L grew significantly less, and the body weight decreased in the rats fed the diet devoid of Leu (10AA0L). The rats fed on the 10AA0L, the 10AA0.37L, or the IOC diet ate significantly less than other groups. When rats were offered their diets by the selfselection feeding methods, they grew and consumed their diets to the maximumlevel as did the rats fed the IOC, 10C1L, 10C2L, 10C3L, or 10C5L diet by the fixed feeding method. 1 Mean+SEM(n=4 for fixed feeding groups and n=5 for self-selection feeding groups). Values in the same column without commonsuperscripts are significantly different (/? <0.05). 1 Mean+SEM(n=4 for fixed feeding groups and n=5 for self-selection feeding groups). Values in the same column without commonsuperscripts are significantly different (/> < 0.05).
In the fixed feeding groups of the He selection experiment (Table IV) , rats fed the 10C0.05I diet grew to the maximum level, and rats fed the 10C1I, 10C2I, or 10C3I diet grew a little less. The growth of the rats fed the 10AA0.25I diet was significantly less, and weight loss was observed in rats fed the diet devoid of He (10AA0I). Food consumption of the 10AA0I group was significantly less than other all* groups. The rats offered a choice of two diets differing in He content grew to the same levels as those observed in rats fed the 10C0.05I, 10C1I, 10C2I, or 10C3I diet as a fixed ratio, with a exception that the rats offered a choice of the 10AA0.25I and 10C3I diet grew significantly less. Figure 1 shows the relationships between the Val, Leu, or lie intake and the body weight gain in rats fed by the fixed feeding and the self-selection feeding methods. Val, Leu, and He intakes of self-selecting rats ranged from 0.53 to 2.07%, from 0.74 to 3.58%, and from 0.50 to 2.96% of the food consumed, respectively.
Aminoacid concentration. Relative concentrations of amino acid in the plasma of rats used for the Val, Leu, and He experiments are shown in Fig. 2 . In the Val experiment, the Val concentration of the rats fed singly the 10AA0V or 10AA0.3V diet (a or b) was low, and it was elevated greatly in the rats fed the 10C1V, 10C2V, or 10C3V diet (d, e, or f), the value of the 10C3V group (f) reached 23.6 fold. The Val concentration in the plasma of self-selecting rats was kept within a narrower range than those of the fixed feeding groups.
The concentrations of other amino acids were not changed by the Val content in the diets or the feeding methods, except that the threonine 1 Mean±SEM(n=4 for fixed feeding groups and n=5 for self-selection feeding groups). Values in the same column without commonsuperscripts are significantly different (/? < 0.05).
concentration was elevated in the 10AA0V and 10AA0.3V groups (a and b). In the Leu experiment, the Leu concentration in plasma of the rats fed singly the 10AA0Lor 10AA0.37L diet (a or b) was low, and it was elevated significantly in the rats fed the 10C1L, 10C2L, or 10C3L diet (d, e, or f) . The Leu concentrations of all of the self-selecting groups were within a narrower range than those in fixed feeding groups. Whenrats were fed a single diet containing various amounts of He, the He concentration in plasma was significantly lower in the rats fed the 10AA0I or 10AA0.25I diet (a or b), and was elevated greatly by feeding the IOCII, 10C2I, or 10C3I diet (d, e, or f). The value of the group 10C3I (f) reached 10.5 fold. Plasma He concentration of the self-selecting groups changed within a narrower range than those of the fixed feeding groups.
Relative concentrations of brain amino acids in the rats are shown in Fig. 3 . In the Val experiment, the Val concentration in rats, fed singly the 10AA0V or 10AA0.3V diet (a or b), was low, and was elevated greatly by feeding the 10C1V, 10C2V, or 10C3V diet (d, e, or f). The Val concentration of all self-selecting groups was not changed as greatly as the fixed feeding groups. In the Leu and He experiments, the amino acids concentrations in brain were not changed as much by the level of amino acid in the diets or feeding method.
DISCUSSION
Our experiments demonstrated that rats offered a choice of two diets differing in Val, Leu, or He content could regulate Val, Leu, or lie intake, and gained their maximum growth with consumption of Val, Leu, or He ranging from 0.53 to 2.07%, from 0.74 to 3.58%, and from 0.50 to 2.96% of the diet ingested, respectively. These results support and extend our previous observations4~8) that rats can Table II for the valine experiment, in Table III for the leucine experiment and in Table IV These results and our previous results4~8) on lysine, methionine, phenylalanine, tryptophan, and threonine indicate that the lowest values of the amino acid intake in self-selecting rats agree closely with the amino acid requirement, and then the self-selection technique would be useful for finding the amino acid requirements of growing rats.
Fromthe data on plasma and brain amino acid concentrations, it became clear that when rats were self-selecting they could maintain Val, Leu, or He concentrations in plasma and brain within a narrow range and other amino acid concentrations were not muchchanged. The changes in aminoacid concentrations was more strictly limited in brain than in plasma, perhaps because of the existence of the bloodbrain barrier transport systems. These facts agree with our previous results in phenylalanine selection experiments, which showed that the phenylalanine and tyrosine concentrations in plasma and brain of rats that were self-selecting their food were not much changed as rats fed fixed diets.6) Val, Leu, and He are shown to be mutually antagonistic because of their structural similarity (12), and the changes in plasma concentrations of these aminoacids are knownas a striking biochemical manifestation of antagonism.2^In this study, patterns of Val, Leu, and He in the plasma of fixed feeding groups were changed by the dietary content of these amino acids, but not in an equilateral fashion (Fig. 2) . When a high Val or He diet was fed, its concentration in plasma was increased (Val; 23.6-fold and He; 10.5-fold) but the other two amino acids stayed generally within the control range. On the other hand, excess dietary Leu did not increase the plasma Leu concentration so muchas the case of Val and lie The symbols used in the graph are listed in Table II for the valine experiment, in Table III for the leucine  experiment and in Table IV The symbols are listed in Table II for the valine experiment, in Table III for the leucine experiment and in Table IV Our results in this report showed that Val, Leu, and He intakes appeared to be controlled at a level that would maintain plasma and brain concentrations between some upper and lower limits, and suggested that the concentration of the selected amino acid must be important in the control of amino acid intake.
